Protection of TRPC7 cation channels from calcium inhibition by closely associated SERCA pumps.
Numerous studies have demonstrated that members of the transient receptor potential (TRP) superfamily of channels are involved in regulated Ca2+ entry. Additionally, most Ca2+-permeable channels are themselves regulated by Ca2+, often in complex ways. In the current study, we have investigated the regulation of TRPC7, a channel known to be potentially activated by both store-operated mechanisms and non-store-operated mechanisms involving diacylglycerols. Surprisingly, we found that activation of TRPC7 channels by diacylglycerol was blocked by the SERCA pump inhibitor thapsigargin. The structurally related channel, TRPC3, was similarly inhibited. This effect depended on extracellular calcium and on the driving force for Ca2+ entry. The inhibition is not due to calcium entry through store-operated channels but rather results from calcium entry through TRPC7 channels themselves. The effect of thapsigargin was prevented by inhibition of calmodulin and was mimicked by pharmacological disruption of the actin cytoskeleton. Our results suggest the presence of a novel mechanism involving negative regulation of TRPC channels by calcium entering through the channels. Under physiological conditions, this negative feedback by calcium is attenuated by the presence of closely associated SERCA pumps.